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rel ates an apparatus for air purification and
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BACKGROUND Avai |l able air purification apparatus in the

mar ket pl ace can be broadly grouped into two principal
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charges to the particles to enhance the trapping

efficiency. Viruses are generally small enough to pass

t hrough these filters BACKGROWGYPS can al so be carried
by aerosol of sufficiently small size to pass through
the filters. Filters trap them but do not destroy
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filter and its construction method, particles with a diameter of a few micrometers or
larger can be removed from the circulating air. Some filtration devices incorporate
additional apparatus (such as electrostatic precipitators) to introduce charges to the
particles to enhance the trapping efficiency. Viruses are generally small enough to
pass through these filters and microbes can also be carried by aerosol of sufficiently
small size to pass through the filters. Filters trap them but do not destroy them. Some
existing air purification systems incorporate ultraviolet (UV) light to destroy trapped

microbes. Un-trapped microbes remain in the air.
Ion generators are also provided in the marketplace for the removal of airborne

particles. They produce negative electrical charge and when the charge is applied to

airborne particles, the airborne particles will fall out and cling to nearby surfaces.
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mechanism is also low and an exposure to the ion clusters of the order hours is

typically required.

Plasma is an electrically neutral, ionized gas composed of freely moving ions,
electrons, and neutral particles. Plasma is used today for a variety of commercial
applications including for air purification and disinfection. Depending on the
operation regime, plasma can consist of charged particles (electrons and ions), excited
species, free radicals, ozone and UV photons, which are capable of decomposing
chemical compounds and destroying microbes. Existing commercially available
plasma air purifiers operate either indirectly by using ozone or UV photons generated
by plasma contained in a separate device or by charging up the airborne particles in a

similar fashion as ion generators operate.



simlar fashion as ion generators operate.Plasm can
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electrodes. Traditionally this is achieved by placing dielectric barrier or insulator
covering one or both electrodes. Discharge having an insulating or dielectric layer
incorporated on one or both of the electrodes is known as dielectric-barrier discharge.
The non-conducting property of the dielectric or insulating layer allows charge
accumulation on the surface, which produces an opposite electric field to the applied
electric field. In addition, the space charge built up next to the dielectric or insulating
layer adds to the electron repelling electric field. The opposing electric field cancels
the applied electric field and prevents a filament from developing into a major arc and

causes a discharge filament to extinguish. Therefore, the low charge mobility on the

dielectric leads to self-arresting of the filaments and also limits their lateral extension,



accunul ati on on the surface, which produces an
opposite electric field to the applied electric field.

WO p0odmai3sé on, the space charge built up next tBCT/O82006/001219
dielectric or insulating | ayer adds to the el ectron
repelling electric field. The opposing electric field

thezehyc ellewingemayinle ddambris ttoi ©j 81 ¢lasadprpriavightts ame another.

ilament_from devel opi.ng ,i.nt 0 a _nmaj o rc_and gauses
Pl ou i Pot B o s e A e B, R Hfefary
discharp@aranpihb tty D8iffilRe dbvel dshaige thendss kfatially more uniform

self-arresting of the filanments and also limts their
prapsitissq| Caneringpashingesannylse beobigyedunt cpredully rentroling the

f ' 4.ty t e an
oo PO, SHERG RN o' 98 MGG gty e of
neddletiks ehctrodds, totdreaté ial spacendlarge digkmhatbged theadindles 8 shaper
use gl ow di scharge that has spatially no

a dif . or e C
eleaﬁw«#eo.tlﬁﬁaar & fckicvedly irglpdige anp-KPRIcag Paskipe paterials in a
be@ i BYEOtR¥e @t &lddlbdescont rol 1ing the applied vol t age

to prevent transition into an arc. It can be created
by the use of needle-like electrodes to create a space

charge regi on arqund the smaller or sharper el ectrode.
In oy Siplegirier g o Csclires, GROrAGPS it Mtk Y- AORSRISHAREIHE Tanee,
eleBR&IK Eﬁkﬁ%gzst @Fic@ll? it theBraR€dof £54 @b RY Q‘ﬁti\éﬁ%elteé)lqu close to the

el ectro n a dielectfic-barrier discharg
ambisat gad teguneratutse Beeanse af s pivegy dispariyshetweemtigeglectron and

. el ectrop _ener is typi,cal in the ra of 1.t0.1

tor ity el Birehab WYREdal s her BspRantiagas  Tobicilly, the

derds@ AT Ak WhargeBRGAHISE i9 nubh deRNBhA Yhél nspadll dnybiBRt YWReid the
the el ectron .and ion species, these discharges are

plagna behgvieidis slontagied he caliisiopplaeffasts. Thpicoetgyyof théelectrons can

' (o) I P LGl ' h_Jl.ess, than the,.
ve 38074 YorSlllie SEAEORAAERLIE ke 7 8RR Hllon
anddammienAdsich lof radidtions. oAt akfgedt Scledimsener gyleofo tihduce the
hﬁ%ngtro S can be,u{ilized for exciting_atons

; 5. and
¥y PEsome rhesispl bends of; tha gnelaeHes £ollKdeawith dhe background
e ] o e o
o e o e MRS B LB M,
andogensisatioh dthfeeaatossundsadicalk Isiide asviCy, TOH lve Hi@g Kireotadidals can

lLecul.es resulti i.n the breakdo of no] ecul ar o
attagh A rEatie %&gﬁﬁese%’é’i FROPER I, AP g R A in air.
Thd 888s5s84i8Hn 810, ?ﬁﬂ)‘i&e@'tﬁe Fégﬁ{}e@@ {3 coibifl w‘iﬁp(?z b'®rm ozone.

radi cal s can attack hazardous organi c nol ecul'es an

Thealosv gresgylelechonecanitash rig npatrdl wtems sr imwlaiuies t@Herm negative
rovi des the re%Hi red O

ionsg,ioﬁgisc ggaiﬂagri#?a%ﬁg Irs%i(gg?n% fmposing pollutants andt Qestruction of
microbe. Through collision, electrons can destroy organic compounds including
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recombination and relaxation, can initiate photo-physical and photo-chemical process
by breaking molecular bonds and hence destroying microbe resulting in disinfection

effect.

The harmful contaminants can be broadly grouped into chemical contaminant, volatile
organic compounds, bacteria, fungi and viruses; each group is characterized by the
amount and complexity of the constituent molecules or radicals. Plasma properties

have to be optimized in order to destroy and/or to prevent the growth of these harmful
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mounting member holding the inner electrode at an end of the inner electrode and an

outer electrode mounting member holding the outer electrode at an end of the outer
electrode. The apparatus further includes a power supply adapted to supplying
electrical power to the inner and outer electrodes to generate plasma within the

reaction chamber to purify and disinfect air flowing therethrough.

The reaction chamber of the reactor may mmclude an air inlet and an air outlet
positioned at opposite ends thereof. The outer electrode mounting member may
include an opening corresponding to the air inlet or the air outlet of the reaction

chamber of the reactor.
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one elongated reactor having an elongated inner electrode and an elongated outer
electrode. The outer electrode encompasses the inner electrode along a longitudinal
axis of the reactor. The outer and inner electrodes are positioned in a substantially
concentric relationship and define a reaction chamber therebetween. The insulator
layer of the inner electrode and the insulator layer of the outer electrode are integrally
joined together. The apparatus further includes a power supply adapted to supplying
electrical power to the inner and outer electrodes to generate plasma within the

reaction chamber to purify and disinfect air flowing therethrough.

The reaction chamber of the reactor may include an air inlet and an air outlet

positioned at opposite ends thereof.
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In another aspect, the apparatus for air purification and disinfection includes at least
one elongated reactor having an elongated inner electrode, an elongated outer
electrode and a first end cap. The outer electrode encompasses the inner electrode
along longitudinal axis of the reactor. The outer and inner electrodes are positioned in
a substantially concentric relationship and define a reaction chamber therebetween.
The first end cap couples the inner electrode and the outer electrode at a first end of
the reactor. The apparatus further includes a power supply adapted to supplying
electrical power to the inner and outer electrodes to generate plasma within the

reaction chamber to purify and disinfect air flowing therethrough.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a perspective view of an embodiment of a reactor assembly of an air

purification and disinfection apparatus.

FIG. 1b is an enlarged view of the circled portion of the reactor assembly shown in

FIG. 1a.

FIG. 2 is an exploded view of the reactor assembly of FIG. la, showing the

arrangement of the reactors.

FIG. 3ais a perspective view of one of the reactors of the reactor assembly of FIG. 1a.



the tine that the air stays inside the reaction

chanber. BRI EF DESCRI PTION OF THE DRAWNGS FIG | a is
wa@2@enepect i ve view of an enbodi nent of a reacPOF/CN2006/001219

assenbly of an air purification and disinfection

apparatus. FIG Ib is an enlarged view of the circled

portion of the reactor assenbly shown in FIG la. FIG
1 35 bR Yo Bl R FABRLSF 0781 St L Becton
chirBb& Heev&apahé Inver atdeont@feleenedef the reactors of the

reactor assenbly of FIG la.FIG 3bis a

cross-sectional front view of the reactor of FIG 3a,
FIGNAY! 0, (sl LA YideNPERELF B WERRor! B FIANSE, Shlving two

outer el ectrodes. Fl C is a cross-sectional’ side
eleciredesaid ttherepatant abambérsble@reeB dhe stroslesiopdeswo el ect r odes

and the reaction chanbers between the two el ectrodes.

FIG 4 is a schematic diagramof an electrical circuit
FIGQ 423 &iskhdidtlc’ dfagtahPdf aRdeldtBitA)l GEditOBf ARPAF PuHBcation and

which utilize at Teast one reactor of FIG 3a. FIG 5a
disinfeetiqueapppratitsi wiacly irizhizectt least ariereanter dfildat 3n and

di si nfection apparatus incorporating the reactor

assenbly of FIG la. FIG 5b is an expl oded view of
FIGN&aaist a Qérdpebibdt vty dftardhii pirefdation AaAPaisaifettionnsaratus
~in FIG 5a. FIG 6a is a perspective view of another
inconpsoafingethe respetos agsepdlioef FISL &. 6b is a cross-sectional

front view of the reactor of FIG 6a. FIG 6¢c is a

cross-sectional side view of the reactor of FIG 6a.
FIF) §b is/gn &xpledddofew iof theodir puficatioapad disigfecac tygparatus shown
. assenbly for the reactors shown in FIG 6a. FIG 7b is
in FlGr3ss- sectional side view of the reactor assenbly of

FIG 7a. FIG 8a is a perspective view of another

enmbodi nent of a reactor. FIG 8b is a cross-sectional
FIGr @ik a\pieespectivetviey pEaottior egthodimant oFh Gacta.

FIG. 6b is a cross-sectional front view of the reactor of FIG. 6a.
FIG. 6¢ is a cross-sectional side view of the reactor of FIG. 6a.

FIG. 7a is a top view of a corresponding reactor assembly for the reactors shown in

FIG. 6a.

FIG. 7b is a cross-sectional side view of the reactor assembly of FIG 7a.
FIG. 83 is a perspective view of another embodiment of a reactor.

FIG. 8b is a cross-sectional front view of the reactor shown in FIG. 8a.

FIG. 8c is an exploded view of the reactor shown in FIG. 8a.



FIG 8c is an exploded view of the reactor shown in
FIG 8a.FIG 9 is a perspective view of a
wa@orrmependi ng reactor assenbly for the react oPGT/€N2MN/001219
in FIG 8a. FIG 10 is a cn®ss-sectional side view of
anot her enbodi ment of a reactor assenbly show ng a
Flfie &cis or pampective ctiewdd anermsperdling seastas. aspangbly 1fion thes regctors
hSEQES ﬁ?(‘gtl onal side view of another enbodi nent of a
?"3%01%18 'a?Serrny showi ng a reactor and el ectrode
mounting menbers. FIG 1lb is a cross-sectional front
vi ew of the reactor asserrbly of FIG 1la. DETAILE
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| B i on, exanpl es of
Shﬁﬁfn%ad%?@m; so pr oé?goghh%hﬁfﬁ%gﬁl | ow ng description.
Exenpl ary enbodi nents of the invention are descri bed

in detail, althou t will, be_ a t to those
FIGRA T e RS st B S Mo O SPPRE" SOMRATRIER of e Essembly
sh%ﬁg%%a&@f ddad @by rdoﬁﬁﬁﬁ%ﬁ'i@ﬁib&%. an under st andi ng of

the~i nventi on nmay not own for the sake of
clarity. Furthernore, it should be understood that the
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thereof nmay be effected by one skilled in the art
wi t hout departing fromthe spirit or scope of the
i nvention. For exalﬁ’{STé]lz@D&%ﬁ&fP%@Nor feat ures of
different illustrative enbodi nents may be conbi ned
wi th each other and/or substituted for each other

Reférbidenwil) 10%€ @pemade ilidstadli € besdih endvdiapnendeie invention,
claims. In addition, inprovenents and nodifjcations
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thdshekilpd tin theaaldvam apehakomb gequres that aremeoepartiomarly important to

Referrin t.o the draw ngs, Fl | a sho a
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di si nfecti on apparatus. The reactor assenbly 10

includes a plurality of reactors 11 which are
Fushemyeat.edt almsild dre madasoadgbet itie geveatiah | iys peir éinlited to the

na%a“ i Qe peirn By Botaerag: Aurer suggnofiftctipgs thereof
téagoy@w%%med%a th@at withosh@parting ﬂ;dxﬁﬁtﬁéasplﬁ@&lbceﬁe of

the reactors
the invention. For example elements and/or features of different illustrative

embodiments may be combined with each other and/or substituted for each other

within the scope of this disclosure and appended claims.

In addition, improvements and modifications which may become apparent to persons
of ordinary skill in the art after reading this disclosure, the drawings, and the

appended claims are deemed within the spirit and scope of the present invention.

Referring now to the drawings, FIG. la shows a reactor assembly 10 of an air
purification and disinfection apparatus. The reactor assembly 10 includes a plurality
of reactors 11 which are elongated and can be arranged in generally parallel with each

other. The reactors can be fixed in the reactor assembly 10 by mounting members 20,



i ncl udes an el ongated outer el ectrode 13 and an

el ongated i nner electrode 16. Each outer el ectrode 13
worey7loe93bel d i n place by at | east one outer elRCT/CHR®6/001219

mounting nenber 20, and eadh inner electrode 16 nmay be

held in place by at |east one inner_ el ectrode nounting
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1ﬂ%gg {1 having openings 25. The two outer
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a plurality of supporting members 22. The inner
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t her ebet ween, which isolates the outer el ectrode 13
and the inner electrode 16. In the reacti on chanber
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plasma. The reactor includes an air
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o et S TR S PRELE BE ts Se 1
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11. The outer electrode 13 and the inner electrode 16 can be in a substantially

concentric relationship. The outer electrode 13 and the inner electrode 16 define a
reaction chamber 12 therebetween, which isolates the outer electrode 13 and the inner
electrode 16. In the reaction chamber 12, electrical discharges are excited to generate
plasma. The reactor 11 includes an air inlet 52 and an air outlet 53. The air inlet 52

and the air outlet 53 face to directions opposite with each other.

In the illustrated embodiment, the inner electrode 16 is longer than the outer electrode
13. Two end of the inner electrode 16 are positioned without being encompassed by
the outer electrode 13. Therefore, the inner electrode 16 and the outer electrode 13
can be held in place by the outer electrode mounting members 20 and the inner

electrode mounting members 21, respectively, as shown in FIG. 2. The air inlet 52



13. Two end of the inner electrode 16 are positioned

W t hout bei ng enconpassed by the outer el ectrode 13.
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el ectrode 13 can be held in2place by the outer

el ectrode nmounting nmenbers 20 and the inner el ectrode
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menbers 20, such that the air to be purified can fl ow
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mesh or deposits. Electrical dlscharges are created in
the reaction chanber 12 to generate plasma for air
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excl ecu epy |n|
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would be destructed.

The number of reactors 11 within the reactor assembly 10 can be adjusted to match
the total airflow requirement of the air purification and disinfection apparatus. Such
scalable and modular design allows flexibility in construction so that the reactor
assemble 10 can be readily incorporated as part of a central ventilation system or an

air conditioner or as a stand-alone air purifier on its own.

Although the outer electrodes 13 and the inner electrodes 16 are held by the electrode

mounting members 20 and 21, respectively, as shown in FIG. 2, it is to be understood
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residence tinme of the air passing through the reaction
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period and the on/off cycle of the electri
power are adjustable and can be set to be shorter than the time the air stream stays

inside the reaction chamber. The plasma strength can be controlled by adjusting the
applied high voltage and the ratio of the on-cycles to the off-cycles within the

residence time.

FIG. 5a shows an air purification and disinfection apparatus incorporating the reactor
assembly 10. FIG. 5b provides an exploded view of the air purification and
disinfection apparatus of FIG. 5a. In the illustrated embodiment, the air purification
and disinfection apparatus includes a blower 33 and the reactor assembly 10 fitted
inside a reactor-housing 30. Optionally, the air purification and disinfection apparatus

includes filters 32 fitted inside a filter-housing 31 and a coarse filter 34.
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eﬁgr%ﬁ)[a@) 3. 116. The outer electrode 113 enconpasses the

I nne ectrode along a longitudinal axis of the
reactor 111. The outer electrode 113 and the inner

electrode, 1 in a.substantiall concentric
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nmkﬂ§yh§%g 115 and an outer el ectrode conductor 114
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115. The i nner and outer insulators

In the illustrated embodiment, the reactor 111 is an integral unit where the inner and
outer insulators 118 and 115 are joined together at the two ends 172 and 174 of the
reactor 111. The conductors 114 and 117 can be held in place to their respective
insulators 115 and 118 by a number of different ways, for example, mechanical force,
adhesive etc., or alternatively, they can be embedded inside their corresponding
insulators 115 and 118. A plurality of these reactors 111 can be held on mounting
members in a generally parallel configuration to achieve the desired level of residence

time for effective destruction of contaminants.

In use, air enters the reaction chamber 112 through an air inlet 152 provided on one

side of the outer tube 115 facing to a first direction, and exits via an air outlet 153
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chanber 112 inside the integral insulator, the
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el ectrode 216.  The out
and the inner electrode 213 at two ends of the reactor 211. The length of the outer

electrode 216 is substantially equal to the length of the inner electrode 213.

The inner electrode 216 includes an inner insulator 218 and an inner electrode
conductor 217 covered at the inner surface of the inner insulator 218. The outer
electrode includes an outer insulator 215 and an outer electrode conductor 214
covered at the outer surface of the outer insulator 215. The conductors 214 and 217
can be held in place to their respective insulators 215, 218 by a number of different
ways, for example, mechanical force, adhesive etc., or alternatively, they can be

embedded inside their corresponding insulators 215, 218.



el ectrode 213 enconpasses the inner el ectrode al ong
the longitudinal axis of the reactor 211. The outer
web@cnowde 213 and the inner electrode 216 canP@BECN2008/001219
substantially concentric rdabati onship. The outer
el ectrode 213 and the inner electrode 216 define a
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gk kEbeE 2z, Pedh el iRy A iR fad 78! HheToactor
assehA®iwzEs an i nner insulator 218 and an i nner el ectrode
conductor 217 covered at the inner surface of the
i nner !nsulator 218. The outer electrode includes an
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force, adhesive etc., or alternatively, they can be
enbedded inside their corresponding insulators 215,
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correspondi ng ‘react or assenbly 240 for the enbodi nent

despfuctede reactor 211. The first nounting nember 241 and
t he second nounting nenber 242 together hold the
reactors 211 in place and formthe reactor assenbly

FI@AMD isTherobLasetional 2ide Vibw!dfdasthaR e@bbdibitnebf # Behctor assembly.
rovi ded on one end of the reactor 211 and an air

In i srehodrmenty thevparser dA iaplongaied antiingtylinfacal baneorThe reactor
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313 eh@ngpabies the anler elecibdshiong 2e 1dnattadighl A€ oflie teatiot 311.
252 and exits via the air outlet 253. By circulating .
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coﬂc@ﬁtﬁg‘?fﬁﬁ&sﬁ )- P YelifiRe195 anki e H%le} Ut de 316 define a
particles ana mcrobes In the air can be

reaction chamber 312 therebetween, which isolates the outer electrode 313 and the
inner electrode 316. In the reaction chamber 312, electrical discharges are excited to

generate plasma.

The inner electrode 316 includes an inner insulator and an inner electrode conductor.
The outer electrode 313 includes an outer insulator and an outer electrode conductor.
The inner and outer insulators are made of insulating materials, such as glass, and can
be tubular in shape. The electrode conductors may be made of conducting sheets,

mesh or deposits.

In this embodiment, the reactor 311 is fixed in a reactor assembly by electrode

mounting members 320, 321. The reactor 311 includes an elongated outer electrode



destructed. FIG 10 is a cross-sectional side view of

anot her enbodi nent of a reactor assenbly. In this
weredvodigsent , the reactor 3 11 is el ongated andPCTCN2006/001219

cylindrical shape. The readfor 3 11 includes the outer

el ectrode 313 and_the inner el ectrode 316. The_ outer
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el ectrode conductors may be made of conductlng sheet s,
mesh or deposits. In this enbodi nent, the reactor 311
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menbers 320, 321. The reactor 311 includes an
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reactabme chandste 30D insidentie [rﬂe@elrlﬁsulataﬁ @he polthtam phrtictesand microbes
el ectrode 316 nay be held in place by the inner
lnﬂﬁwgeﬁpga desBistRd ng nenbers 321. Each of the inner
el ectrode nounting nenbers 321 includes a protruded
portion 335 adapted to hold the inner electrode 316 in
FIGP! dte.anthéliprsbowuasedhgoembahmdst of 2 posidri amsedbly. In this

e AR o s ot AR L 8 Sy AR orlefietor 11
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includes an air inlet 352 and an air outlet 353. The

encoampassqqltb@ 1gBe clastrodt @loagra ongitedingsais o€ ¢ha tﬁactor 411. The
outer LleGESde OhEs RP ﬁlsel fnlelerv%le&ro%%cﬂ GOéalﬁebre' in a substantially concentric

relationship. The outer electrode 413 and the inner electrode 416 define a reaction
chamber 312 therebetwee. In the reaction chamber 412, electrical discharges are

excited to generate plasma.

The mner electrode 416 includes an inner insulator and an inner electrode conductor.
The outer electrode 413 includes an outer insulator and an outer electrode conductor.
The inner and outer insulators are made of insulating materials, such as glass, and can
be tubular in shape. The electrode conductors may be made of conducting sheets,

mesh or deposits.

In this embodiment, the reactor 411 is fixed in a reactor assembly by electrode
mounting members 429. The insulator layer of the inner electrode 416 and the

insulator layer of the outer electrode 418 are integrally built along the longitudinal



A plurality of these reactors 311 can be held on
mounti ng nmenbers 320 and 321 in a generally parall el
w@omi7ioges@t i on to achi eve the desired | evel of PCT/CN2006/001219
residence tinme for effectiu® destruction of
contam nants. By circulating air through the
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A BiRENOF hesq BeipTeHd Hiap behigld %mevnt&gée@mb%ré 429 agenerally

pa{ Rl cg:gkt?%t\}ez?c o%]c{or QﬁxgevAelﬁl dglsig 18y 1 %ﬁg@n@ﬁ%eﬁr :?f%ctlve

ere Feaction cha el ectrica
destrumbn rcg"nmnﬁnmts;l tiey ciroulgidnge antthrqughstha plahe-fillwdereaction
nin nsul at or, and, an i ,nner

el i ncl udes
chap %Tt éﬁ%ﬁ%’é‘#‘cﬁm 1 atBEtE %‘h‘&@#rp&{z‘éd?ﬁl@ MigroRfsdn the

anadan%td@&rdcfbﬁl“ ator and an outer electrode conductor.
The i1 nner and outer insulators are made of insulating
naterlals such as gl ass, and can be tubul ar in shape.
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el ectrode nmounting nmenbers 429. The insul ator |ayer of
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el ectrode 416 and the outer electrode 418 at an end of
copditioniag sygems 1 Bimjarly Hhoweactor ppsgmbly gr r@aﬁ@r can be fitted to air

f 4
veﬁt@lﬁﬁﬁa lﬁgﬁ% es;aaf & fﬂéﬂ 21% Gféh of uséﬁ‘ﬁ%r ] oA a‘i@g@? Bbthtthe air

€ reac es an
ent@ring iarb@h add theatitreiminis fromu theab o33 thelhainaiin circnlating 4 p2em.

and. the air outlet 453 face. to di |onsop03|te
AC\RP’E‘*H“EQ&CFP‘E%IW@F““A%IC&P A fleé?Ct?‘L ivg@m? ah SplsF they Toqgnand
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avoid spreading the contaminants to other areas covered by the same air ventilation

circuit.

It can be seen from the examples above that the plasma device(s) can be fitted to any
air ventilation system to destroy microorganisms in the air to achieve the desired

purification and disinfection.

It is to be understood that the phraseology and terminology employed herein are for
the purpose of description and should not be regarded as limiting. Therefore, the
foregoing is considered as illustrative only of the principles of the invention. Further,
since numerous modifications and changes will readily occur to those skilled in the art,

it is not desired to limit the invention to the exact construction and operation shown



paral I el configuration to achieve the desired |evel of
residence tinme for effective destruction of

weonwrams@ant s. By circulating air through the PCT/CN2006/001219
plasma-filled reaction chanber 412 inside the integra
i nsul ator, the pollutant particles and mcrobes in the
afdl rdemeaemﬁﬁﬁédo%hgg, all NQithIBGhedifidRfoRe Y QfuivaBaed ay be
can be incorporat ed into a conventional air

reseried toafalling ijlin d1a scppe okthampication.he react or assenbly
or reactor can replace or work in conjunction with the
filter units comonly used in air ventilation systens.
The reactor assenbly or reactor can be fitted to air
circulation or air conditioning systenms, such as air
conditioners, air humdifiers, air de-humdifiers, and
central air conditioning systens. Simlarly, the
react or assenbly or reactor can be fitted to air
ventilation units, such as the air ventilator used in
offices, to inprove both the air entering a room and
the air returning fromthe roomto the main air
circulating system Accordingly, contam nated air can
be di sinfected before it enters the room and
contam nated air can be disinfected before it enters
the main air ventilation circuit to avoid spreading
the contam nants to other areas covered by the sane
air ventilation circuit. It can be seen fromthe
-exanpl es above that the plasm device(s) can be fitted
to any air ventilation systemto destroy
m croorganisnms in the air to achieve the desired
purification and disinfection. It is to be understood
that the phraseol ogy and term nol ogy enpl oyed herein
are for the purpose of description and should not be
regarded as limting. Therefore, the foregoing is

considered as illustrative only of the principles of
the invention. Further, since numerous nodifications
and changes wll readily occur to those skilled in the

art, it is not desired to limt the invention to the
exact construction and operation shownand descri bed,
and accordingly, all suitable nodifications and

equi valents may be resorted to falling within the
scope of the invention.What is clainmed is: 1. An
apparatus for air purification and disinfection
conpri si ng:



(a) at |east one elongated reactor conprising an

el ongated i nner el ectrode and an el ongated outer
wWeb@cnowsae, the outer el ectrode encompassi ng apPCT/€a%106/4001219

portion of the inner electrtde al ong a | ongitudina

axis of the reactor, the outer and inner el ectrodes

Wwesid é1gined ik:n a substantially concentric relationship

and defining a reaction chanber therebetween; (b) an

i nner el ectrode nounting nenber hol ding the inner
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| ayer and an el ectrode conductor covered at the outer

t W&EMof the insulator |ayer; and the inner
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el ectrode conductor covered at the inner surface of

inmieeelectsedeat or | ayer. 3. The apparatus of claim1l

erein: .the outer .electrod i ses an i nsul ator
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flewilg; thbeaeelgh. 5. The apparatus of claim4 wherein the
outer el ectrode nounting nenber conprises an openi ng

corresponding to the air inlet or the air outlet of

2t ﬂ?e £p%§&'ﬁilsod} c‘faﬁﬁlnfo%flelgfn:

the outer electrode comprises an insulator layer and an electrode conductor covered at
the outer surface of the insulator layer; and
the inner electrode comprises an insulator layer and an electrode conductor covered at

the inner surface of the insulator layer.

3. The apparatus of claim 1 wherein:

the outer electrode comprises an insulator layer and an electrode conductor embedded
in the insulator layer; and

the inner electrode comprises an insulator layer and an electrode conductor embedded

in the insulator layer.

4. The apparatus of claim 1 wherein the reaction chamber of the reactor comprises an

air inlet and an air outlet positioned at opposite ends thereof.

5. The apparatus of claim 4 wherein the outer electrode mounting member comprises
an opening corresponding to the air inlet or the air outlet of the reaction chamber of

the reactor.



the reactor.6. The apparatus of claim1l wherein the

inner electrode is |longer than the outer el ectrode. 7.
wab@7apsas at us of claim 1l wherein the inner elRCT/CHR®6/001219

nmount i ng nenber conprises &lprotruded portion hol di ng

the inner electrode. 8. The apparatus of claim1

wherein the at | east one el ongated reactor conprises a

plurality of elongated reactors positioned in

6g&he pplarafuseircdaime] whetein tha dtnes eleetrodegs loniger tigp thesauier

eﬁ%& hgjnwl wherein: the power supply conprises a

control unit adapted to control the electrical power
supplied to the inner and outer el ectrodes of the
reactor; and_ disinfection effort of the apparatus is
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11. An apparatus for air purification and disinfection comprising:

(a) at least one elongated reactor comprising an elongated inner electrode and an
elongated outer electrode, the outer electrode encompassing the inner electrode in a
longitudinal axis of the reactor, the outer and inner electrodes positioned along a
substantially concentric relationship and defining a reaction chamber therebetween,
the insulator layer of the inner electrode and the insulator layer of the outer electrode
integrally joined together; and

(b) a power supply adapted to supplying electrical power to the inner and outer
electrodes to generate plasma within the reaction chamber to purify and disinfect air

flowing therethrough.

12. The apparatus of claim 11 wherein the insulator layer of the inner electrode and
the insulator layer of the outer electrode are integrally joined at a first end of the

reactor.



reactor.13. The apparatus of claim 12 wherein the
i nsul ator | ayer of the inner electrode and the
w0 p@aloed3ss | ayer of the outer el ectrode are i nP€mCakdog/001219
joined at a second end of t#he reactor. 14. The
apparatus of claim1 1 wherein the insulator |ayer of
the inner electrode and the insulator |ayer of the
outer electrode are integrally built along the
1B.ohlg apndirates obisdaisn 32 whesein dbe tnsulator SayeTioé thappmentlgsirede and
claimll. wherei,n the reaction cha r.of the reactar
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répesite ends thereof. 16. The apparatus of claim 11l
wherein: the power supply conprises a control unit
adapted to control the electrical power supplied to
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of f-cycles of the electrical power. 17. The apparatus
obthedrdsioh 16 wherein the wavef orm period and the on/ of f
cycle of the electrical power is set to be shorter
than the tinme that the air stays inside the reaction
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disdeqtion efiort: ofhel apparatys frossiroled py pdagtrg seltags and the ratio of
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chanber to purify and disinfect air flow ng
t her et hrough. 19. The apparatus of claim 18 further
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the electrical power is set to be shorter than the time that the air stays inside the

reaction chamber.

18. An apparatus for air purification and disinfection comprising:

(a) at least one elongated reactor comprising an elongated inner electrode, an
elongated outer electrode and a first end cap, the outer electrode encompassing the
inner electrode along longitudinal axis of the reactor, the outer and inner electrodes
positioned in a substantially concentric relationship and defining a reaction chamber
therebetween, the first end cap coupling the inner electrode and the outer electrode at
a first end of the reactor; and

(b) a power supply adapted to supplying electrical power to the inner and outer
electrodes to generate plasma within the reaction chamber to purify and disinfect air

flowing therethrough.



el ectrode and the outer electrode at a second end of
the reactor. 20. The apparatus of claim 18 wherein the
WO e@ciwse chanber of the reactor conprises an BCT/CN2ioen01219
and an air outlet positiongd at opposite ends thereof.
21. The apparatus of claim 18 wherein: the power
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el ectrical power supplied to the inner and outer
cletieederanddbe ofter ¢lectrasigat asgcond andipsihatesstaron ef fort of

the apparatus is controlled by adjusting voltage and

the ratio of on-cycles to off-cycles of the electrical

2008 appadistusTdrecl @fd 88 dheieithe Gbautioh 2hdmbéredfehé rdadd®r comprises
wavef orm period and the on/off cycle of the electrica

ap aiRdplel adgaain utlstpesiinmed iat opnosite prdsithereok hat the air
stays inside the reaction chanber.

21. The apparatus of claim 18 wherein:

the power supplyA comprises a control unit adapted to control the electrical power

supplied to the inner and outer electrodes of the reactor; and

disinfection effort of the apparatus is controlled by adjusting voltage and the ratio of

on-cycles to off-cycles of the electrical power.

22. The apparatus of claim 21 wherein the waveform period and the on/off cycle of
the electrical power is set to be shorter than the time that the air stays inside the

reaction chamber.



